Abstract The purpose of this study was to determine the efficacy of fluoride varnish (5% sodium fluoride, Duraphat®, Colgate) in reverting white spot lesions (WSLs) after fixed orthodontic treatment. This study was a randomized, parallel group, controlled clinical trial. Using saline solution as control, 110 participants (mean age ± standard deviation: 16.6±3.2 years) ranging from 12 to 22 years old were randomly assigned to either the test group (group 1) or the control group (group 2). Application of fluoride varnish or saline was applied onto tooth surfaces with WSLs every month during the first 6 months after debonding. The labial (buccal) surfaces of the teeth were assessed by the use of a DIAGNOdent pen (DD) at the baseline, 3-and 6-month follow-up visits. After 6 months, 96 subjects with a total of 209 study teeth (47 subjects, 104 teeth in group 1; 49 subjects, 105 teeth in group 2) remained. The WSLs had a mean DD reading at baseline of 17.66±5.36 in group 1 and 16.19±5.70 in group 2, which decreased by 5.78 and 2.44, respectively, at the 3-month follow-up visit and decreased by 7.56 and 3.09, respectively, at the 6-month follow-up visit. The mean baseline DD readings
Introduction
Enamel demineralization or early caries appearing as white spot lesions (WSLs) is a risk factor associated with development of carious cavity which may happened during and even after fixed orthodontic treatment [1, 2] . Directly bonded orthodontic brackets and bands are applied extensively for treatment of malocclusion, but this has led to the prevalent lack or absence of optimal oral hygiene [3] . WSL has been defined as a "subsurface enamel porosity from carious demineralization" that presents itself as "a milky white opacity when located on smooth surfaces" [4] . In orthodontic patients, WSLs are usually present around the periphery of the bracket base, under loose bands, and in areas that are both difficult to access by toothbrush and cannot be detected easily by patients [5] . The incidence of WSLs following orthodontic treatment varies largely from 4.9% [2] to 85% [6] of tooth surfaces. An increase in WSLs in more than 50% of patients with fixed orthodontic therapy has been reported [2, 7, 8] . In a study conducted in China, it was found that 59.4% of 165 debonded patients had one or more orthodontic-related carious lesions, and 12.5% of tooth surfaces in average were affected with WSLs after orthodontic bracket bonding [9] . In general, orthodontic patients had significantly higher incidence of WSLs compared with non-orthodontic patients, and even presented aesthetic problems years after treatment [10] . WSLs may progress into carious cavities when there is a lack of appropriate oral hygiene or remineralization treatment.
The aim of modern dentistry is focused on a prophylactic approach, instead of invasive restoration, of carious defects. Fluoride is the most important agent preventing demineralization, as well as against the development and progression of carious lesions [11] [12] [13] . Apart from fluoridated toothpaste, other methods of delivering fluoride to teeth in non-orthodontic patients include mouthrinses [14] , gels [15] , varnishes [16] , and combinations of topical fluorides [17] . Numerous clinical trials have been conducted on the remineralization of WSLs during orthodontic treatment. Information on fluoride treatment for WSLs after orthodontic therapy is relatively scant. Ogaard [18] stated that initial caries induced by orthodontic treatment can be reversed by utilizing fluoride-containing products at posttreatment.
The extensive use of fluoride varnishes has been associated with caries decline in many European countries [19] [20] [21] [22] . A recent study concluded that fluoride varnish could be considered an efficient preventive method to enhance enamel resistance against cariogenic challenges during orthodontic therapy [23] . The findings demonstrate that significant calcium fluoride-like material (CaF 2 ) deposition acts as a reaction product of fluoride varnish when applied adjacent to orthodontic brackets. Furthermore, the study reported that the application of fluoride varnish is even more beneficial for less compliant patients compared with those resorting to fluoride mouth rinse on a daily basis.
The aim of this study was to assess the efficacy of regular topical fluoride varnish applications in reverting WSLs after fixed orthodontic treatment. The null hypothesis to be tested was that there was no difference in the change in status of the WSLs over a 6-month period between subjects who had received applications of a 5% sodium fluoride varnish and those who had not.
Subjects and methods

Ethics
Approval from the ethics committee of the School of Dentistry of the Wuhan University, People's Republic of China was obtained prior to the start of this study.
Trial design and participants
This study was a randomized, parallel-group, controlled clinical trial on newly debonded orthodontic patients. Patients with a fixed appliance who were being treated at the Orthodontics Department of the Dental Hospital of Wuhan University from June to August 2008 were recruited.
Sample size calculations were based on detecting a difference of 30% reduction in DIAGNOdent pen (DD) reading between the test group and the control group using a two-tailed significance level of 5% with an 80% power. Eligible participants were individuals from both genders, with ages ranging from 12 to 22 years old, in good general health and without systemic diseases, who had received conventional periodontal therapy after fixed orthodontic treatment and with at least two teeth with WSLs. Patients with enamel hypoplasia, dental fluorosis or tetracycline pigmentation, periodontal pocket (≥3 mm), taking antibiotics, and carious cavity were excluded. These aimed at avoiding false-positive results. In accordance with the above mentioned criteria, 110 out of 117 orthodontic patients with WSLs in labial (buccal) tooth surfaces were recruited for this clinical study. The study took place at the Preventive Dentistry Department of the Dental Hospital of Wuhan University in Wuhan, China.
Recruitment and randomization
Using a random number table, the participants were assigned to either the test group (group 1) and received topical application of a 5% sodium fluoride (22,600 mg/L F − ) varnish (Duraphat, Colgate Oral Pharmaceuticals, USA), or the placebo group (group 2) who received saline solution. Randomization was performed by a researcher not involved in the study. The patients or their parents from the two groups were informed by letter of the purpose, design, and procedures of the study. Informed written consent was obtained from the patients or their parents prior to study implementation. Applications of the fluoride varnish or saline solution were given to the participants by one trained dentist every month during the first 6 months after debonding. Subjects who missed one or more visits were regarded as dropout.
Intervention
Participants in group 1 (Duraphat; n=55) were treated as follows. Firstly, the subject's teeth were cleaned with a toothbrush, especially the surfaces with WSLs. Secondly, excessive saliva in one or two quadrants of the mouth was removed by cotton rolls or by using an air syringe. It was not necessary to keep the tooth surface extremely dry because Duraphat could set in the presence of saliva. Thirdly, fluoride varnish was applied onto the tooth surfaces with WSLs using a miniature cotton swab or brush, with the applicator dabbed repeatedly onto the tooth surface without contacting soft tissues. After a few minutes, a thin and clear layer is formed. Then the next quadrants were treated in the same manner.
Participants in group 2 (saline solution; n=55) were treated following the same steps as those in group 1.
Patients in both groups were advised not to brush their teeth or chew food for at least 4 h after treatment; during this time, soft food and liquid might be consumed. No supplemental measure was taken to remove plaque from tooth surfaces, such as using dental floss and mouth rinse. Only standard tooth cleaning and oral hygiene instruction (tooth brushing twice a day with fluoride toothpaste) was provided in the visit in which the orthodontic brackets were debonded.
Measurements
Status of the WSLs were assessed using a DIAGNOdent pen (KaVo, Biberach, Germany) which had been shown to have similar reliability and validity as the conventional DIAGNOdent laser-induced fluorescence detection device when quantifying changes in carious lesion in teeth [24] . In the present study, assessment of the WSLs took place at baseline, at 3 and 6 months after debonding. All teeth were cleaned and dried by air syringe before using the DIAGNOdent pen under cotton roll isolation. The device was calibrated according to the manufacturer's instructions before every assessment. The assessments in all visits were carried out by the same dentist who was blind as to group allocation of the subjects. The whole labial (buccal) surface of the tooth with a WSL was scanned. While scanning a tooth, the wand was rocked slowly in a pendulous motion using probe tip B. This ensured that the tip would pick up fluorescence from the margin of the WSL where the carious process often began. The peak reading displayed on the panel of the DIAGNOdent pen during the scan was recorded for each tooth surface.
Statistical analysis
The DD readings were subjected to statistical analysis and compared between groups at different time points (baseline, 3 and 6 months) and between groups at each time point using repeated measures one-way ANOVA (α=0.05). A two-tail Student's t test was also used for detecting intergroup difference (α=0.05). Data were processed by the statistical software SPSS (ver. 13.0).
Results
Enrollment and retention
Of the 110 participants recruited, 14 dropped out between the debonding and the six-month recall visit. A total of 47 participants in group 1 (14 males; 33 females) completed the study. In group 2, 49 participants (17 males; 32 females) finished the study. The loss-to-follow-up percentages were 14.5% and 10.9% for the group 1 and group 2, respectively, which were not statistically significant (P=0.51). The dropouts were mainly due to some non-compliant patients (e.g., senior high school students heavily loaded with schoolwork) (see Fig. 1 ).The mean age of participants was 16.6±3.2 years, ranging from 12 to 22 years. All patients were treated by straight wire fixed orthodontic technique using a non-fluoride bonding agent (3M UniteK, Transbond XT, USA), with 17.8±5.6 months as the mean bonding period.
Clinical outcomes
In the 96 remaining subjects (47 in group 1, 49 in group 2), a total of 209 tooth surfaces with WSL were evaluated. The WSLs had a mean DD reading at baseline of 17.66±5.36 in group 1 and 16.19±5.70 in group 2, which decreased by 5.78 and 2.44, respectively, at the 3-month follow-up visit and decreased by 7.56 and 3.09, respectively, at the 6-month follow-up visit. The mean baseline DD readings in the two groups were similar (t test, P>0.05). There were statistically significant differences between the mean DD readings of the two groups at the 3-month (P<0.05) and at the 6-month follow-up visits (P<0.01) ( Table 1) . Table 1 also shows comparisons of the DD readings within each group at each time point. There was a significant decrease in the mean DD reading in group 1 during the first 3 months (P<0.001) and a further decrease after 6 months (repeated measures ANOVA P<0.001) compared to baseline. However, the decrease in mean DD reading between the third and the 6 months were not statistically significant (P>0.05). Similar findings were obtained in group 2.
Adverse events
No adverse response or safety concerns in the use of Duraphat were reported by any of the subjects.
Discussion
This study was a randomized, parallel-group, controlled clinical trial which followed changes of WSLs in debonded tooth surfaces after monthly application of a 5% NaF varnish over a period of 6 months. The tooth surfaces with WSLs of the subjects were assessed by a DIAGNOdent pen, and the readings which estimated the organic content and bacterial metabolites in enamel caries lesions were used to indicate the changes of the WSLs after fluoride varnish application [25] . The positive results found in this study may be due to the high sensitivity and acceptable specificity of DIAGNOdent in detecting changes in early caries lesions. Shi et al. [26] reported that DIAGNOdent had acceptable sensitivity (75%) and high specificity (96%) (i.e., correlation of 0.85) for their enamel depth analysis in smooth surface caries, as compared with quantitative lightinduced fluorescence. Similarly, high sensitivity and acceptable specificity were also observed in other studies, such as those by Rocha et al. [27] and Anttonen et al. [28] . The greater decrease in DD readings for the WSLs in group 1 compared to that of group 2 may be taken to indicate a larger reversal of the early caries process due to the repeated fluoride varnish application. Longer observation is recommended to confirm whether the greater change in WSLs is maintained.
Gwinnett et al. [29] showed that fixed orthodontic appliances induced a rapid increase in the volume of dental plaque. The composition of the bacterial flora of plaques shifts rapidly after introducing orthodontic appliances. Scheie et al. [30] observed significantly elevated plaque and salivary levels of acidogenic bacteria, such as Streptococcus mutans and lactobacilli in orthodontic patients. The low pH of plaques adjacent to the orthodontic appliances and areas without optimal oral hygiene favors caries development; thus, decalcification of enamel and even carious cavity occurs. Moreover, because of low concentrations of calcium, phosphate, and fluoride in the saliva, natural remineralization after orthodontic treatment is Table 1 Comparison of scores by DD (x ± SD) between group 1 and group 2 at any two-point measurements, and comparison of scores between any two-point measurements in two groups DIAGNOdent pen scores (mean ± SD) P value difficult to achieve. Thus, intervention is needed to promote reversal of the caries process in the enamel lesions. Fluoride varnishes have been proven to be safe and feasible in topical application. They contain high concentrations of fluoride compared with the daily used toothpastes and mouth rinse. The varnish can remain on tooth surfaces for several hours after application, and release sufficiently high level of fluoride ion to maintain surface fluoridation [31] . Based on the results of a recent study, it appears that the application of a fluoride varnish can help to reduce WSLs occurring adjacent to orthodontic appliances. Apart from minimal clinical chair time, it eliminates the need for patient compliance, enables better control of fluoride exposure, and can be accomplished by a trained hygienist.
Numerous studies have been conducted on prevention of WSLs during orthodontic treatments. Stecksén-Blicks et al. [32] evaluated the efficacy of topical fluoride vanish (Fluor Protector, containing 1,000 ppm F − ) applications on WSL formation in adolescents during fixed orthodontic treatment. The results showed the incidence of WSL was 7.4% in the fluoride varnish compared to 25.3% in the placebo group (P<0.001), and the mean progression score was significantly lower in the fluoride varnish group than in the placebo group (P<0.001). An in vivo study conducted by Nasrin et al. [33] revealed an approximately 40% reduction in depth of demineralization around brackets after application of high concentration fluoride varnish (Bifluorid 12, 6% calcium fluoride, and 6% sodium fluoride). VivaldiRodrigues et al. [34] examined the effectiveness of fluoride varnish in reducing enamel demineralization during 12 months of orthodontic treatment, which showed a significantly smaller change in mean enamel decalcification index for the experimental group (0.34) compared to the control group (0.51).
Fluoride varnishes are widely available in the USA. Among these, Duraphat was the first to be approved by the FDA in 1994 [22] . Numerous clinical trials have been conducted to examine the efficacy of Duraphat in preventing dental caries. Helfenstein and Steinen [35] after conducting a meta-analysis on the results of eight clinical studies concluded that caries incidence could be decreased by 38% if Duraphat is used at 6-month intervals. Enamel decalcifications in the form of WSLs resulting from use of orthodontic appliance have become problematic from the prospective of aesthetics. If the appropriate oral hygiene or remineralization measures are not implemented on time, WSLs may progress into carious cavitations. However, up to now, information on fluoride treatment for extant caries after orthodontic therapy remains relatively scant.
The distinct advantages of Duraphat are as follows: regardless of its high fluoride concentration, rapid setting time can be performed once upon contact with saliva, hence preventing risk of ingestion. Moreover, only a small dosage is used, and less the use of a tray, thus shortening the amount of clinical chair time and maximizing application safety [36] .
The dropout rate in this study is relatively higher than desirable, due to some non-compliant patients (e.g., senior high school students heavily loaded with schoolwork). A total of 14 patients dropped out during the first 6 months of treatment. DIAGNOdent could only detect depth of lesions, but the amount of lesion areas is impossible to test. Due to lack of other form of fluoride or non-fluoride-containing varnish, we used a saline solution in the control arm instead. More well-designed clinical trials are necessary for further studies on the 5% NaF varnish and related testing on enamel lesion reduction, particularly, with the use of DIAGNOdent pen. Longer periods of follow-up are necessary.
Conclusions
The efficacy of repeated applications of a 5% NaF varnish in reducing WSLs after orthodontic treatment was investigated in this randomized controlled clinical trial. A greater decrease in DIAGNOdent pen readings was found in the test group during the first 6 months after debonding. This may be taken to imply an improvement in the WSLs. Thus, topical fluoride varnish application appears to be a good method to treat WSLs and should be advocated as a routine measure after orthodontic treatment.
